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PROBLEM TO BE SOLVED: To provide a surface- 
emission type semiconductor light-emitting element of 
InGaAlP wherein constant light emission is provided at 
high efficiency. 

SOLUTION: By forming a transparent electrode of 
sufficient conductivity, a current is evenly fed in the 
longitudinal direction of an element to an opening part of 
a surface electrode. By providing a contact layer where 
a carbon is doped under the transparent electrode, a 
contact resistance to the transparent electrode 
comprising oxide such as ITO is significantly reduced. 
Further, by providing a contact layer where a carbon is 
doped by a specified amount at a place comprising Zn 
and the like, a contact resistance to an ITO electrode is 
reduced. A carbon does not diffuse, like a zinc, to 
degrade an element characteristics. Further, by inserting 
an intermediate band gap layer comprising such band gap 
as something between the contact layer and a clad layer; 
band discontinuity of a balance band is relaxed to 
promote flow into a positive hole to decrease an element resistance. 
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cm-3P^±tt5:t« ? itLK 50 
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[0 0 5 0 ] 'A\Z. XmmWfflKD&WlMiZ^^TSlWT 
-5. 

[0 0 5 1 ] 06H jz&mMm<D&8lWZ:i&-t&iffi®L 

# t R - © SB » K tt ID - © fiF £ # b X I¥ ,11 * IK tt * 
ng-f-5. 

[0 0 5 2] #«ffl0y©¥##3Wt* : 5 l tt. 7*D b>-Y 

*>*>. *«1 1©±C. A7771 1 2~n>^i7 hjf 
2 3 S-rSrXt:^^-> + ^ft$-e-. b^S&tcSEfiW 

u h >zmtiiw\z^ * y&x-tz Z\ tlZ&D&M 
8Hf£i£-k.mmm?gf2 1 9 sr^-r-s. 

[0 0 5 3 ] 0 7 (a) tt*38M©»3t*^»C*«**« 
»E©«nS:3E-r«*0T»O. 13 7 (b) 

[0 0 5 4] ^SJWC-fc^TtK &9§«*f2 4%mt 
*d£fc«fc9, tfit?l 1 9©^PSB(C^-(CM^[S] 

\ZW<0thTZ.£tfTZZ>. 
[0 0 5 5 ] ^UWiiJ^Tte, l^S&H-fcr 

>ifVr£?>i?? FJS2 3 SS^CtiO, yah> 

ffita t (c{g«-r 4 C t ifi ^1 ^ i <t 4 . 

[0056] $ etc, *&mm\z£ta,$, nmi&mi 

g 1 9©BlP^fc-r^fc*.«T©^7t' / ^->^«^ t; : 

$ijpt -5 n t t ^ ^ feffi* ens. 

[0 0 5 7 ] «2fflSlfflfI) ^(C, #3BW©SS2 
© * JS © ^ ^ t C i T m BJ 1" 5 . 

[0 0 5 8] H!8tt. *^tJfi}gffiK^^Sffi58^S!¥* 
^^7t*^©»®*Sii^«^*^ElT$)S. HHCtJ^ 

tc \t m - © w % z ft b t t ¥ *b ^ si bj « # us r * o 

10 0 5 9] **K»»©»#*^fc*lr>Ttt, 

^ff^e^s#®M^sst)i©«no(c, R«#*&ft 
?.#ii7tswi2 5*^^-©«ffi<ci9:^enT^s. 

16, *PbV?> H^-v '^12 2, ^^H-^n>^.^ 
M12 3^C©]iHtclS®^n, ^-©±{c«. HPft*-T 
5iiS^I2 9^W?>nT^5. Cl©± 

i^ti2 4^Msn, $etc^-©±tc, wo* 
s^-5>2ffi^*sntt-5-njy.±©^*ifl s: Ji^xstcws 

[0 0 6 0] 0 9 (a) «*%B^©5g^^tc*5ttS^; 
«t©eStn^^Tffit^l21TS.'3, El 9 (b) ii^-W^TtSS 

[0061] *mmf&&iz&^Tb, 4%m 



(7) 
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[0 0 6 2] **Jfi»«H*^Ttt. ftKW®2 

[0 0 6 3] Sfc. **«»»K*«r»Ttt, JtR»«2 

■6S»H«-SRJi.'^a*C ^fiK.-r.* £ t are*-*, - a# 
ftfitt. WAtf. Ti02)l<i:Si02Si*32S(Cfflli$-e-fc 

tare**. 

[0 0 6 4 ] Sfc. **Jfi»8B^4s^»T«. 
2 9 K-:/3>** M2 3©±C»l«-r*0 

T. ^i||#£Xk°^*i'^;i'/Sg£#*&BaSft<, * 

*£ tare**. 

[0065] («3<D*t60»«» *»w®*3 

[0 0 6 6] B10I1 **M»ttlC*»*»*iM83fcS!¥ 

[0 0 6 7 ] #*ifi»ffi©$Stt*^fc:^reB:. n^^ 
HS 1 4^'3i^CD«jMlC&Vreg|5#WCSta32 
•ft. *0*lBlCn«««3 2**Ktt&ftTV»*. 

[0 0 6 8 ] *HJfi»»CiiViTt>. t6 2mt&wmzw 
U TfltliS L- fc b <D t mm ©3ft* £t# * - i *re * £ • 

[0 0 6 9 ] SSK, #Hifi»ffiK:i5trrett, 
fOnffltfi3 2a^0WS£ft*m8fcte. n§y^5'^ h* 
IB 1 4*B5l*)#l6]K:*£ttU bA»ft«Hm«*V»2 9 
0DB8PW*^M/T«*lSJ»-2W«a2 4K8fcft*. 
0. ffittJl 1 5 (Dn#J{C*5^Tfc> «Jj!E^SSlC7tSI=fS 

[0 0 7 0] HjSbfcWtttB'Jfc. nS^7-;F 

JI1 4©TKffi«i>i<0nS!:3>*£ hJISMitt. £©3 

BfcnflJttffi3 2 ftJUrtUTfcA^. r©±5Ctn 

a^Bgtfc*. 
[0 0 7 1 ] (aU<B*16©»ffi> #3SW<&*4 

[0 0 7 2 ] Hi 1 1 tt. **M»ttK**#* WSfcS!* 
jJ?#fg3tJSS^©rr®rajS£imffi&lire**. H0»-t> 
^TI4, H171S01 0CHl/TffiiEL.fcBS#4:ra— © 
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[0 0 7 3] *IUSfl?!glc*3^»T«, GaP*>6>&*26« 
2 7co±lClnGaAlPtt*S 2 8**Kt*&n, £e>SC^© 

ftte. GaPSffi2 7 £#L.TSiB0WK:ax9tli£ft*. 

[0074] ^mwM<o^.ytm^-(om^(D^m^m 

izWiWtZ <hJWT©£0< T&*. 
[0 0 7 5 ] £-f> El^b^C^GaAsS«±{CGaAs7N*^7 
7§, n£¥W#*Jl«3tefiWJIl 3, InGaAlP»»H 
io i 8 ^©mtcj&fi^-tt-*. 

[0 0 7 6] &(Z> ifii 8<7)«B5(lGaPS«2 7 & 

T;rft£©B*&tt. SPIEL. SPiST^ClitCcfcD. 
£3ii*:&i££j!gtf* £ £*<"?**. La>*&fc. GaAs 
S« t GaAsA* y 7 r M £ X -7 ? > # C «t 0 P*£t" * • 
[0 0 7 7 ] fit. 3ttS»» 1 3©±tC, n^i7 7^ 
KI1 4~^^h*-y=l>^i7 bJf 2 3ST$-J5£fi$ 

-g,,. £ CO -£B£3jiS#Jfr 6 IC X-yf./y'LTnS, 

KB 1 4^gB»«lcHtB$-a-S<, 

20 [oo7 8] s&c mm&mm 2 9 . mmmm 24. 

8BfI3 0. 7tSS^P2 5, nOTI3 2£MH 
iili^lSJ&T*.- 

[0079] **j6jgffifc*^Tt>. mmmm 3mm 

tare**. 

[0080] *#Ms»»ic*vrett, mumi 

5 7i^C0^7t^*tC43^TSBJ^GaPS«2 7 &ffll^* 
Z.£\Z£0\ &Wl2 7 ZlfrVTmft$:KW>lzW0tiitZ. 

tare**. 

30 [0 0 8 1 ] ^©SSHtLT. ^©gffiffliJfclllTJvLft 
[0 0 8 2] 

[0 0 8 3] *SgB^(CJ:n«« +»/<£^mtt*W 

40 iz&^T%T<DMJ3\*i\zi%-\znm&&.\-rz - t^-e 

[0 0 8 4] *^WtcJ;n«. SEmUcoBBPS 

<h « ^ e © w a & <t © ^ © ^ < ^* ^ s E M * 1 c M te 
fswn&yt^izte^xte. mmnmcomamtmmm 

coBBPSckO fe^c#<^?>«fc "5 Izm&LTtU*, E1141C 
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[0 0 8 5] *56W»:43^T»S. 589!««<0"FK: 

EKiSl£ F-^bt3>^^ MtRtfiCtCil), IT 
Oft <H «)8<b»^ £> ft * 1x2* T 3 i&tt&ta 

[0 0 8 6 ] $e>fc. #»9!K:«fcntf. 7tKfctJl<!:a> 
[0 0 8 7 ] *««l:,tnH 
tf, Ti02«£Si02»££aSK«»3-frfc«i6*«ffl"3" 

. [g o 8 8 ] *jb wictn , mffi&mm$>3_> . 

->tMS^^£W<> $£lc. SiRgHb^D 

§ a a-p a* ic * * * - «t * * • 

[0 0 8 9 ] «±KHLfcJ:3fc..**9ifc**ltf'. ^ 

1 nGa A 1 P JMHfcJU^tafKT* - fctfT** «k 5 
[0B©fB5i£ftt&9n 

[01] ^fSKODSBlO^JfiW^KA^SiS^S^ 
[0 2] (a) «*feB^©^lHM^SlOT^7t*^IC^ 

tt*«*o«n**-r«*HT*D. (b) tt^rofgft 

[0 3 ] *3BW#**t*ff l^fcWtfffl*^ 1 

[04] ff«ffl*^©«««EEWtt*aTy?7HT* 

[05] ^BjcD^^^wgajmei^ia^wA^K^ 
ii^^-r»0T'fe*» 

[0 6] #3SE<am*i6»ffi®£s«**i"W®«fc 
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[0 7] (a) li^^Bjco^Tt^^-lc^tt^mcitco^n 
SXTtt&eiT* 0 , (b) te-f-CD^TtSSStt^SrStt- 

[0 8] *BW<B*2*lfc«ffiK:a>rt>*ffl»ftS¥iS(* 

[0 9] (a) itt&WtDRytXTlZ&VtZ+motiitl 

zm?m.&mT'$>K>. 09 (b) ^©sEftajstf**- 

[010] #38ijli©»3^»»lca»*>*ffiS£#£! i l si * 
[01 1] «6W©*4*tt**K-#»'*'WB%ffl*« 
[0 12] fitSEroffifEJtSi^WftfE**^®^®**^* 

[013] fo&<Dmmftm*mfr%ft% : i L e> : b?u-t-D 

[0 14] ft*©®^!*©^^^ 1 ? KfcttSSE 

iftmat©^^^a-rm^0T^ 0 . *ffim«_i_i o®i 

Pid 1 lc¥Dx«k^^JS 10 8©Mpgd ~2hWte 
20 9/jN£Hi§£-£Si~ 0 

[0 15] 553tSlflEO»*«r3Sc#bfc»^**^. *® 
ill 1 ooPiPSd l#««£lil 0 8 ©USDS d 
2<fct> fc^*^ (d l>d 2) m&.lzfflB2Wt® 

[016] iiil 1 1 o©H§ngd 1 ^mffi^® 1 
0 8©P!P&d 2UATT*^>^^CDgE®jm^C0» : m^« 

11, 10 1 nSG a A s 

30 12. 102 niGaAsA'^?! 

13. 10 3 &mWk%KMM 

14. 104 nil nGaAl P^5'V KI 
15.105 InGaAl Pffitt/f 

16. 106 p|InGaAlP?77FI 

17. 107 £mmft&Mm 

18. 19. 29. 108 USt^Ji 

2 2 P SGaAlAsWOH*1"y7'l 
23 pSGaAs : C3>?^M 

2 4 i§>WWI 

10 30 SffittJi 

3 1 
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[08] 



[09] 




(a) 



(b) * 



[0 10] 




[El 1 2] 





1 1] 




[013] 




109 



[Ell 5] 



(<!2<d1) 



[014] 




(<C<d1) 



(a) 





F*-A(##) 5F041 AA03 AA21 AA44 CA12 CA34 
CA35 CA36 CA53 CA57 CA65 

1 CA71 CA82 CA83 CA88 -CB03- 

CB04 CB15 FF16 
5F073 AA08 AB17 BA09 CA14 CB02 
CB22 CB23 DA05 DA21 EA28 



